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INTRODUCTION 

2x76” 
The work described i n  t h i s  report  i s  p a r t  of a program on t h e  s tudy 

of absorpt ion of a narrow region of the  f a r  u l t r a v i o l e t  by ma te r i a l s  of 

b io log ica l  or igin.  It i s  based on reported  observation^^^ 293 t h a t  t h e  

pept ide bond exh ib i t s  a cha rac t e r i s t i c  absorption of u l t r a v i o l e t  l i g h t  of 

185 t o  190 millimicrons. 

The measurements reported i n  t h e  first q u a r t e r l y  r epor t  were obtained 

on a Cary model 15 spectrophotometer. Absorption maxima between 185 and 

l 9 O  mp were found f o r  phenyl alanine, tryptophan, tyrosine,  serum albumin 

and ribonuclease.  In  t h e  case of t h e  two proteins ,  t he  absorbancies were 

s tudied a s  a funct ion of pH and were found t o  pass  through a maximum a t  

approximately pH 7 .  Absorption maxima a t  the  wavelength of i n t e r e s t  were 

no t  observed with glycine,  alanine, o r  g lycyl  glycine.  

The work described i n  the present r epor t  i s  a cont inuat ion of t h e  u?. 
previous work e 

EXPERIMENTAL 

In s t rumen t a  1 

A l l  absorption measurements were made with a Beckman DK-2A, modified 

f o r  f a r  u l t r a v i o l e t  under conditions of continuous f lu sh ing  with nitrogen. 

Fused s i l i c a  ce l l s  ( t ransmit t ing u l t r a v i o l e t  down t o  180 mp) were used with 

i n s e r t s  t o  achieve a pa th  length of .OS cm. 



I% t e r i a  Is 

The following mater ia ls  were s tudied spectrophotometrically 

D k a  lanyl-DL-alanine 

DL-alanyl-glycine 

DLalanyl-DLleucine 

DLleucyl-glycyl-glycine 

DL-alanyl-glycyl-glycine 

Poly-L-lysine 

Poly-L-glutamic ac id  

Polyglycine 

Bovine serum albumin 

Extracts  of l o c a l  s o i l  

Methods 

Solutions were made i n  phosphate buf fers  of var ious pH values,  

sodium hydroxide, s u l f u r i c  acid, and hydrochloric acid.  Phosphate buf fer  

and hydrochloric ac id  were su i tab le  solvents  f o r  t he  dipeptides,  t r ipep-  

t i d e s ,  some polypeptides, and albumin. Concentrated ammonium hydroxide 

was used as a solvent  f o r  t h e  polyglutamic acid; s u l f u r i c  a c i d  was used 

f o r  t he  polyglycine. 

In the  case of the  l o c a l  s o i l  samples, th ree  a l iquo t s  of 25 gms 

were extracted; one i n  d i s t i l l e d  water, one i n  sodium hydroxide and one 

i n  hydrocholoric acid.  

with the  solvent for 30 minutes followed by f i l t r a t i o n .  

w a s  ca r r i ed  out with a No, 42 f i l t e r  and then wi th  a mi l l ipore  f i l t e r .  

In a l l  cases, absorption spectra were obtained a t  several  concen- 

The extract ions were ca r r i ed  out by s t i r r i n g  

The f i l t r a t i o n  

t r a t i o n s  prepared by d i l u t i o n  of t h e  most concentrated solut ion.  

5 



RESULTS 

Peptides 

A l l  absorption measurements made on t h e  pept ides  showed one s t rong  

absorption i n  the  region of 185-190 mv. 

DLalanyl-DL-alanine shows a pronounced absorpt ion m a f i m u m  i n  the  

The spectrum shown i n  f i g u r e  l i s  a t  wavelength region being s tudied.  

pH 1, but f igu re  2 shows t h a t  the absorption a t  190 mp a t  other  pH values 

fol lows Beer's law with the  possible exception of pH 11.0. 

of pH on the  abso rp t iv i ty  and absorption maxima i s  i l l u s t r a t e d  i n  f igu re  

3 ,  showing a gradual s h i f t  f r o m  a higher wavelength t o  a lower wavelength 

and then back t o  a higher wavelength again a s  pH increases .  

The e f f e c t  

The spectrophotometric absorption by t r i p e p t i d e s  i s  i l l u s t r a t e d  by 

measurements on DL-alanyl-glycyl-glycine. 

t h e  c h a r a c t e r i s t i c  absorpt ion between 185 and 190 mp. 

p l o t  i n  f igu re  5 f o r  severa l  pH valves ind ica t e s  a t r u e  absorpt ion again 

with the  poss ib le  exception of pH 11. It may be seen i n  f i g u r e  6 t h a t  

t he  absorption maximum undergoes a s h i f t  from higher wavelengths t o  lower 

ones and then back t o  higher ones a s  t he  pH i s  increased, i n  the  same 

manner a s  the  dipeptides.  

The spectrum i n  f i g u r e  4 shows 

The Beer 's  law 

The polypeptides resemble the  smaller molecules i n  many respects .  

A s  an i l l u s t r a t i o n ,  poly-L-lysine shows a s t rong absorpt ion maximum i n  

t he  same region a s  do the smaller molecules, a s  w i l l  be seen i n  f i g u r e  7. 

The absorption follows t h a t  predicted by Beer 's  law within a somewhat 

r e s t r i c t e d  concentration range a s  seen i n  f i g u r e  8. 

absorpt ion maximum a s  a function of pH again shows a s h i f t  from longer 

A s tudy  of t h e  

6 
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wavelengths t o  sho r t e r  ones and then back t o  longer wavelengths a s  t h e  

pH i s  increased ( f igure  9 ) .  

Protein 

The absorption spectrum f o r  bovine serum albumin shows two maxima, 

a s  seen i n  f i g u r e  10. One appears a t  about 280 mp while t he  o ther  i s  

seen i n  t he  region of 185 t o  190 mp. The sec t ion  i n  the  i n s e r t  i s  a ten- 

f o l d  expansion of the  absorption a t  280 mp, s o  t h a t  t h e  absorption 

i n t e n s i t i e s  of t he  two maxima may be compared. It i s  evident t h a t  t h e  

absorption a t  t h e  sho r t e r  wavelength i s  much more in t ense  than t h a t  a t  

280 mp. 

absorption with some minor deviation a t  pH 11 (f igu re  11). 

again shows t h a t  t h e  e f f e c t  of pH on the  a b s o r p t i v i t y  of t h e  p ro te in  i s  

The Beer 's  law p l o t  f o r  t h e  p ro te in  a t  190 mp ind ica t e s  a t r u e  

Figure 1 2  

t h e  same a s  t h a t  observed before - namely, t h a t  t he re  i s  a gradual s h i f t  

from a higher wavelength t o  a lower one, and then back t o  a higher wave- 

length  again. 

S o i l  Extract  

S ign i f i can t  absorption maxima i n  the  wavelength region being s tudied  

were a l s o  obtained w i t h  the  ex t r ac t s  from s o i l .  Figure 13 shows these  

absorp t ions  ( a t  180 mp and 190 mp) f o r  t h e  water and hydrochloric a c i d  

ex t r ac t s ,  while f i g u r e  14 shows t h e  absorption f o r  t h e  sodium hydroxide 

e x t r a c t s ,  which seems t o  be a t  198 mp. 

General 

The e f f e c t  of pH i s  generally s i m i l a r  f o r  a l l  t h e  pept ides  and p ro te ins  

Figure 15 shows t h a t  i n  a l l  cases t h e  a b s o r p t i v i t y  reaches s tud ied  t o  date. 
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a maximum a t  a pH of 3 t o  7; f o r  pept ides  containing leucine t h e  maximum 

seems t o  occur a t  a lower pH. 

Preliminary quan t i t a t ive  evaluations of t h e  data were made t o  

determine xhether t h e  absorption i s  t r u l y  c h a r a c t e r i s t i c  of t h e  peptide 

bond. It will be seen froom tab le  I tha t ,  generally,  t h e  a b s o r p t i v i t y  

i s  r e l a t e d  t o  the  number of peptide bonds. Thus, t h e  polyglutamic a c i d  

containing 620 peptide bonds has an a b s o r p t i v i t y  600 times g r e a t e r  than 

the  a lanyla lan ine  and alanylglycine. Similarly,  t h e  polylysine 

preparation, having about 85 peptide bonds, has an a b s o r p t i v i t y  about 

110 times a s  g rea t  a s  t h a t  of alanylalanine.  

leucine, t h e  dipeptide seems t o  behave l i k e  a t r i p e p t i d e  with regard t o  

these  spectrophotometric studies. 

In the  case of leucyl- 

DISCUSSION 

The appearance of the  absorption madmum a t  185-190 mp i n  a l l  of 

t h e  pept ides  and p ro te ins  studied thus  f a r  suggests a r e l a t i o n s h i p  between 

t h e  peptide bond and t h i s  absorption. However, t he  change in absorption 

with change i n  pH suggests t h a t  o ther  mechanisms a r e  a l s o  involved. 

The change i n  absorption with pH may be assoc ia ted  with the  he l ix-  

random c o i l  t r a n s i t i o n  a s  suggested by Rosenheck and Do td .  

poss ib le  explanation f o r  t h i s  e f f e c t  i s  t h a t  t h e  carboxyl ion  cont r ibu tes  

t o  t h e  t o t a l  absorption,, This contribution i s  indica ted  by t h e  low value 

absorption when t h e  pH is reduced t o  1. 

carboxyl group i s  expected. 

Another 

Under these  conditions no ionized 

The p rec i se  mechanism i s  not of g r e a t  

23 



b t e r i a l  

DL-a lanyl-DLalanine 

DLalanyl-glycine 

DLa lanyl-DL leucine 

Table I 

ABSORPTIVITY (MOLAR) 

PH 1 PH 3 PH 5 PH 7 PH 9 pH 11 

20.3xlO’ 1. 31A03 
+e26 ~ l 0 3  ~1 a 0 3  DLleucyl-glycyl-glycine 43x10; 27. 5x103 !27. 5’x103 26 x103 *17.7 xl0 

Poly-Llys ine  

Poly-glutamic ac id  

Poly glycine W2.9 x105 

10 A06 

Bovine albumin 
6 6. oxlo6 e 66x10~ 6 

x6.9x106 *4.9 xlo 6 . 2 5 x l O  d06 8.3x106 1.8x106 7.8x106 

$6 Indica tes  peaks other  than a t  190 wavelength 

~6 pH was l e s s  than pH 1 



signif icance i n  considering t h i s  phenomenon f o r  detect ion of e x t r a t e r r e s t r i a l  

l i f e ,  but  it takes on importance i f  the  absorption i s  diagnost ic  of t h e  

presence of peptide bond. 

absorption i s  due t o  the  peptide bond t o  or some other  group t h a t  i s  not 

c h a r a c t e r i s t i c  of b io log ica l  systems. 

It then becomes necessary t o  know i f  t h e  observed 

The r o l e  t h a t  leucine plays i n  a f f ec t ing  the  absorption of f a r  u l t r a -  

v i o l e t  i s  not c l ea r  yet .  

a maximum abso rp t iv i ty  a t  pH 3 while others  reached t h e i r  maximum a t  a higher 

PH. It was a l s o  noted t h a t  alanyl-leucine had an abso rp t iv i ty  resembling 

t h a t  of a t r ipept ide .  

observations may have. 

It was noted t h a t  leucine-containing pept ides  have 

A t  t h i s  time it is  not known what s ignif icance these  

The evidence obtained from the  r e l a t ionsh ip  of abso rp t iv i ty  t o  t h e  

number of peptide bonds lends weight t o  the hypothesis t h a t  t he  peptide 

bond i s  l a r g e l y  responsible for t he  absorption of f a r  u l t r a v i o l e t  l i g h t .  

The approximate quant i ta t ive  relat ionships  obtained a r e  e spec ia l ly  i n t e r e s t i n g  

i n  t h i s  regard. 

t h a t  it might make a very sensi t ive de tec tor  of pro te ins  and pro te in  frag-  

ments. 

and 280 mp exhibi ted by bovine serum albumin. 

The extent  of t he  absorption poin ts  t o  t h e  p o s s i b i l i t y  

This i s  s t r i k i n g l y  i l l u s t r a t e d  by the  r e l a t i v e  absorption a t  190 mp 

Anticipating the  ul t imate  appl ica t ion  of t h i s  phenomenon, it is  

i n t e r e s t i n g  t o  note t h a t  ex t rac ts  of l o c a l  s o i l  showed s t rong  absorption 

bonds. The s ignif icance of t h i s  preliminary experiment l i e s  i n  the  

detect ion of mater ia l  t h a t  absorbs i n  the  peptide region. 

i s  t o  be noted t h a t  t he  s o i l  seemed qu i t e  fert i le.  

However, it 

This type of experiment 

may become more meaningful when applied t o  i n f e r t i l e  s o i l s  and normal 

aerosols  e ' I  
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SUMWRY 

Absorption maxima between 185 and 190 mp were found i n  dipeptides,  

t r i p e p t i d e s ,  polylycine polyglycine, and polyglutamic acid, bovine serum 

albumin and e x t r a c t s  of s o i l  samples. 

dependent going through a maximum between pH3 and pH7. 

A l l  t h e  a b s o r p t i v i t i e s  were pH- 

Present work includes an extension of t hese  s t u d i e s  and a study of 

cont r ibu t ions  t o  these  absorptions by nonpeptide groups. 

Following these  studies,  t h e  p r a c t i c a l  app l i ca t ion  of t h e  r e s u l t s  

t o  t h e  de tec t ion  of e x t r a t e r r e s t r i a l  l i f e  w i l l  be evaluated i n  terms of 

quan t i t a t ive  s e n s i t i v i t y  s p e c i f i c i t y  and in te r fe rences .  The extension 

of t h e  s e n s i t i v i t y  w i l l  necess i ta te  s t u d i e s  on so lvents  t h a t  a r e  t rans-  

parent  t o  f a r  u l t r a v i o l e t  l i g h t ,  
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